This study examines the effects of uncertainty on irreversible aggregate investment using data from 1971-2010. Results provide evidence to support the argument that macroeconomic uncertainties are important in the forwardlooking investment decision-making process. This study concludes that the demand and lagged demand uncertainties have a relatively stronger effect on investments compared with other macro uncertainties. The structure of the economy, the depth of the financial system, and the promotion of trade openness reduce the negative impact of uncertainties on investment. The study also finds the elasticity of the user cost of capital to be less than unity, indicating limited scope for governments to influence investment through tax incentives.
Introduction
Demand uncertainty tends to reduce investment (Pindyck, 1988) . Firms naturally spend less on irreversible investments than they would on reversible ventures, given the environment of demand uncertainty. Irreversibility of capital is characterised by the sunk cost of investment as de-installation of capital may be costly and the resale value of the second-hand capital is likely to be limited. World Bank (2011) has suggested that Malaysia's private investment has been too low, especially in view of its aspiration to become a dynamically efficient innovation-led economy. Private investments in Malaysia have become less responsive to the improvements in the investment climate, and the negative sentiments continued to linger post-Asian Financial Crisis (AFC). The ratio of private investments to GDP in Malaysia reached a peak of 31% in the pre-AFC period, but plunged to an average of less than 13% during 2000-2011 in the post-AFC period. However, it remains unclear to explain the underlying causes of the prolonged sluggishness in private investments post-AFC, despite the government's encouragement to revive private investments. Theoretical debates in the literature have not been able to provide a conclusive answer. We argue that the sluggish investment performance in the post-AFC is not adequately explained by the conventional determinants of investment behaviour. Thus, this study bridges the gap beyond conventional investment theoretical constraints and links the forces of uncertainty with investment behaviour. The contribution of this study is that not only we focus on the role of uncertainty, but also examine the varying impact of different macro uncertainties on irreversible investments, with a view to explain the Malaysian phenomenon of sluggish private investments during the post-AFC period.
While there is body of literature that found a negative relationship between uncertainties and investment growth (Carruth et al., 2000; Ramey and Ramey, 1995) , the magnitude and the significance of the influence remain inconclusive. Some studies found a weak negative relationship between uncertainty and investment for countries with less well-developed financial systems (e.g., Servén, 2003) , while others found no evidence of a weaker negative link between uncertainty and economic growth when financial depth was included in the model (e.g., Hnatkovska and Loayza, 2005) . Domestic financial sector development is instrumental in fostering growth, and pooling of resources during economic distress. Underdeveloped financial markets prevent an efficient allocation of resources, resulting in misallocation of resources during periods of economic shocks. Increasing the depth of the financial sector enhances long-term economic growth through more efficient allocation of funds and increasing innovation in the economy (Ghura and Goodwin, 2000; Servén, 2003; Rajan and Zingales, 1998; Levine and Zervos, 1998) . Of significance is that with greater financial depth, we have more avenues to manage risks, minimise the impact of macro uncertainty on private investment, enhance capital formation and foster economic growth.
Adopting the neoclassical framework as the foundation for the empirical model, this study builds on existing work on irreversible decisions to answer "Does the effect of uncertainty in determining the behaviour of slow recovery in the Malaysia's private investments significant?" We also compare the significance of exogenous uncertainty with endogenous uncertainty. The comparison is essential to comprehend the behaviour of investment.
Our main findings show that uncertainty has an adverse effect on investment decisions due to the irreversible investment expenditure. The uncertainties of demand and lagged demand weaken the response of investment. Furthermore, the structure of the economy, the depth of the financial system, and the promotion of trade openness lessen the negative impact of uncertainty on investment since a greater financial sector depth allows higher risk diversification; while the openness of an economy promotes competition.
The contributions of this study to the investment-uncertainty nexus are three-fold. First, this study examines the impact of the different sources of uncertainties to assess a broader assessment of the role of uncertainties on private investment. The varying impact of uncertainty (such as price, exchange rate and interest rate uncertainties) is examined separately to develop policies that are more focused to target specific areas of vulnerability (Servén, 1998) . Second, from a spectrum of exogenous and endogenous uncertainties, it fills the gap in extant literature which has been left by the paucity of research on the relative importance of exogenous (e.g. a change in world interest rates and a change in price) and endogenous uncertainties (e.g. perceived weakness in banking regulations and policies) on aggregated private investments. We assess whether these uncertainties have larger impact for a small and open economy in Malaysia. If endogenous demand uncertainty is found to be significant, it follows that the design of public policy should seek to reduce the perception of risk and promote macroeconomic stability; but if exogenous uncertainty (e.g. oil prices or real effective exchange rate (REER) shocks) are found to be significant, policy maker should seek to accommodate external uncertainties by diversifying the economic base or deepening the financial sector to facilitate the economy's ability to absorb external shocks. Third, we investigate the role of economic structure, the depth of financial development, and the extent of openness to trade in alleviating the negative effects of uncertainty. The lesson learnt from the AFC experience was that prior conditions could potentially increase an economy's vulnerability to external shocks. The risky conditions contributing to the exchange rate uncertainty (e.g. perverse incentives and policies and a vulnerability and fragility in the financial sector) should have been identified through surveillance and proactive adjustment policies. This paper consists of five sections. Sections 2 presents the literature review on the theoretical underpinnings in the investment-uncertainty nexus. Section 3 discusses the construction of the measuring of uncertainty in the specification model, estimation issues, aggregated data structure and the data sources. Section 4 presents a discussion on the empirical findings and robustness estimations. Finally, the paper concludes in Section 5.
Literature Review
Investment is derived from how capital stock moves towards the desired levels, after accounting for the consumption of capital or the depreciation rate of capital. The neoclassical theory postulates that firms want to maximise their investment value, given a set of initial conditions and capitalised rates of expected returns. The neoclassical model includes delivery lags, adjustment costs and capital is assumed to depreciate at a geometric rate. These assumptions give rise to three problems: (i) the firm is expected to reach the optimal capital, instantaneously; (ii) the static expectations of future prices of output and; (iii) ad hoc inclusion of delivery lags into the model. These shortcomings implicitly suggest that firms do not need to consider the future, and therefore multi-period optimisation of profits becomes essentially static (Chirinko, 1993) .
Neoclassical investment theory emphasizes on the response of the demand for capital to the changes in relative price of capital. The conventional investment models do not consider the irreversible characteristics of investments which involve sunk costs that may be fully or partially unrecoverable. The main weakness in the conventional investment models is that they do not explicitly consider the role of uncertainties (Chirinko, 1993; Hartman, 1972; Caballero, 1991; Dixit and Pindyck, 1994) . Using a modified neoclassical framework as a theoretical foundation for the aggregated investment model, the specifications of the model have been modified to take into account the implications of the interaction of uncertainty. This augmented model includes a lagged investment process; accelerator effect; financing constraints; and macroeconomic uncertainty.
While the findings of past studies provided some insights to better understand the role of uncertainty, they are predominantly focused on the investment behaviour of developed countries (e.g. Dixit and Pindyck, 1994; Huzinga, 1993; Davis, 2005a, 2005b; Temple et al., 2001; Bernanke, 1983; Bloom et al., 2007) , or other developing or less-developed countries (e.g. Jongwanich and Kohpaiboon, 2008; Fielding, 1997; Aizenman and Marion, 1999; TunWai and Wong, 1982; Servén, 2003; Aysan et al., 2009) . Few studies focused on Malaysia, have either found uncertainty to be insignificant or have only considered a single source of uncertainty in the investment models (Note 1). Compared to Price (1995) , Aysan et al., (2009 ), Temple et al., (2001 and Bloom et al. (2007) , who found the impact of demand uncertainty on investment to be within the range of -0.01 to -0.08, Ang (2010) examined the impact of GDP uncertainty on private investments in Malaysia, and found a much smaller negative impact of 0.002 to 0.003 percentage points reduction in private investment for a one percent increase in GDP uncertainty. The small negative but significant demand uncertainty coefficient may suggest that there are probably other sources of uncertainty which affect private investments.
While many common uncertainty variables have been identified as determinants of private investment, the similar variable showed mixed results with respect to its significance. For instance, Guimaraes and Unteroberdoerster (2006) found that real exchange rate (RER) uncertainty is statistically insignificant in influencing private investments. But Servén (2003) found the impact of RER uncertainty on private investment to be negative and significant for low-income countries, and insignificant for high-income countries. Apart from the income differences, Servén reported that countries with low capital-labour ratios tend to have a more significant response towards RER uncertainty compared to countries with high capital-labour ratios. The impact of RER uncertainty on investments could be due to the pass-through effects and the sensitivity of prices to exchange rate movements. The pass-through effects of RER uncertainty may lead to uncertainty in the user cost of capital, especially for high import content capital.
Past studies show uncertainty leads to a disproportionate response of investment. In the case of the impact of RER volatility on investment, Jongwanich and Kohpaiboon (2008) found that a one percent increase in RER uncertainty would lead to a fall of 0.02% in investments, and it takes between 6-10 years for the economy to adjust to the investment imbalances. However, Ang (2010) estimated a shorter 2.5-year time frame for investment to return to its long-term equilibrium.
The extensive literature provides inconclusive results to the question whether uncertainty reduces investment. Many studies generally support the notion that uncertainty tend to have an adverse effect on irreversible investment. Aysan et al. (2009) found that interest rate uncertainty has a negative impact on investments in Middle East and North African countries, and Byrne and Davis (2005a) showed that a one standard deviation increases in the conditional volatility of long-term interest rates leads to a 2-4 percent fall in investment in the G-7 countries. However, trade openness may interact with RER uncertainty and change the overall impact of uncertainty on investments. Servén (2003) found a significant negative impact of RER uncertainty for countries with a low degree of trade openness, but insignificant in highly open economies. Campa and Goldberg's (1995) study on U.S. manufacturing industries found that the response of these industries towards an appreciation of the exchange rate increases in tandem with exposure to the external sector. They reported that a 10% appreciation had resulted in a decline of 0.5% in investments (1970-83 period) , but the same quantum of appreciation only caused a 0.1% decline in investments (1984-86 period) . The reason for the decline was that the U.S. had increased its reliance on imported inputs between the two periods.
The effects of openness could also be captured by the development of the financial system. An economy with a high degree of openness may benefit from cross-border exchanges of information which promotes greater competition and efficiency in the economy. These benefits may outweigh the negative effects of RER uncertainty. Greater financial deepening would encourage investments since it provides greater financial accessibility and facilitates greater risk diversification that gives positive effect on private investment (TunWai and Wong, 1982; Servén, 1998 Servén, , 2003 Ghura and Goodwin, 2000; Aysan et al., 2009; Aizenman and Marion, 1999) . Supporting this is Servén (2003) who found that the negative relationship between RER and investments is accentuated in countries with low financial depth. While the financial system plays an important role, its importance may be offset by the development of capital markets and cross-border financing (Note 2). Easterly, Islam and Stiglitz (2000) argue that greater financial development is associated with lower growth volatility only up to a certain point, after which the financial sector could become a source of macroeconomic vulnerability because a rapidly growing financial sector competes with the rest of the economy for resources. Therefore, an underdeveloped financial sector can be detrimental to growth (Caballero, 2000) , but rapid financial sector development may be associated with excessive risk taking practices which in turn undermines economic growth (Caballero, 2001 ).
Internal uncertainty (such as inflation and interest rate uncertainties) and external uncertainty (such as RER and to-t uncertainties) give different impacts. Using the GMM model, Servén (1998) found that internal uncertainties tend to have a greater impact as compared to external uncertainties (Note 3). He claimed that the size of the estimated coefficient of inflation uncertainty was about six times larger than the coefficient of RER uncertainty. Vol. 12, No. 9; Similarly, Jongwanich and Kohpaiboon (2008) showed that the impact of inflation uncertainty on private investments in Thailand is more important compared to RER uncertainty in the long run. Servén (1998) also found real interest rate uncertainty to have a significant negative impact on private investment.
Frequent price uncertainty would make investors extremely cautious despite the availability of investment incentives. Inflation uncertainty has a negative impact on GDP growth (Aizenman and Marion, 1999; Jongwanich and Kohpaiboon, 2008) . Inflation uncertainty may affect investments directly through the cost of capital or indirectly through domestic demand that ultimately affect the demand for capital. Huizinga (1993) found that a one standard deviation increases in inflation uncertainty is estimated to have an immediate effect on investments in the range of +0.58 to -0.43 percent. A rise of output price uncertainty over three quarters is expected to reduce investments by 2.9 percent. While Huizinga's correlation analysis results statistically proves that price uncertainties are consistent with expectations, the results of his cross-sectional analysis appear to be contradictory. These studies indicate that there is scope for monetary policy to deal with inflation uncertainty because domestic prices also reflect the outcomes of monetary policy and investors' risk perception.
Methodology

Model Specification
The baseline model can be written as:
is the log of private investment, is a set of exogenous variables influencing private investments, is a set of macroeconomic uncertainty variables and is a random disturbance. The set of variables captures the accelerator effect and user cost of capital. We use current and lagged levels of log real GDP to capture the investment accelerator effect, instead of the expected log real GDP since the actual values are more reflective of the actual underlying dynamics of economic activity. TunWai and Wong (1982) , Servén (1998) , Ghura and Goodwin (2000) and Guimaraes and Unteroberdoerster (2006) have used aggregated demand to capture the accelerator effect and all were found to have significant effects on private investment.
Neoclassical theory predicts that the user cost of capital should be the primary determinant of investment demand. This study uses two approaches to calculate the user cost of capital. The first approach is the relative price of capital as proxy for the user cost of capital. The relative price of capital measure is more simplistic as it does not take into consideration tax allowances and it uses the borrowing cost to represent the financial cost of capital. For the second approach, we measure the user cost of capital based on Hall and Jorgenson's (1967) formula as follows:
where is the real user cost of capital at time t, is the real interest rate at time t, is the depreciation rate at time t, is the change in the price of capital at time t, is the price of capital at time t and is the corporate tax rate at time t. The depreciation rate is obtained from the consumption of capital by type of capital from the Department of Statistics Malaysia (DOSM). The depreciation is calculated by taking the ratio of the total consumption of capital to gross fixed capital during the year.
where , = consumption of type of fixed capital at time t; , = gross capital stock (at current price) of at time t; = 1 represents structures, = 2 represents transport, = 3 represents machinery and equipment and = 4 represents others; and t = 1970, …, 2010.
The model includes a proxy to represent the depth of the financial system which may be important in assuaging the impact of macro uncertainties as a more developed financial system enables firms to diversity their risks effectively. Financial deepening and the availability of financing are important as the degree to which banks can mediate funds into profitable projects can influence the cost of capital. The more developed financial systems tend to lower cost intermediation and thereby encourage private investment (TunWai and Wong, 1982; Ghura and Goodwin, 2000; Servén, 2003) . The financial development variable is measured as the ratio of real loans to real GDP.
As Malaysia is an open economy, it tends to be more vulnerable to external shocks. Openness of the economy variable is included in the model to evaluate the benefits of being an open economy against the cost of external shocks' exposure. Openness is measured as the ratio of imports and exports to GDP. The effects of uncertainty in inflation and relative price of capital are expected to filter through the user cost of capital. Furthermore, uncertainty in domestic policy can also exhibit itself in the interest rate movements which, in turn may impact user cost of capital. In addition, domestic prices may, to some extent, reflect the impact of the country's monetary policy as well as the investors' risk perceptions (Note 4). Thus, uncertainty in inflation may affect investment directly through the cost of capital or indirectly through domestic demand which affects the demand for capital.
In an environment of uncertain demand, firms will opt for lower capacity if investment is irreversible than they would under conditions of reversibility of investment. The ex-post capacity level may actually be higher under irreversibility if demand is unexpectedly low. As such, Pindyck (1988) shows that increased volatility in demand, will generally lead to a reduction in investment.
Uncertainty measures of t-o-t and REER are important in determining investments as these uncertainties make profitability and the cost of new capital hard to predict (Note 5). The impact of uncertainty in REER on investment is in line with the predictions of theoretical models on pass-through effects and price sensitivity of exchange rate movements. In particular, the pass through effects of uncertainty in REER will result in uncertainty in the user cost of capital especially those with high import content.
One aspect of studying investments under conditions of uncertainty and irreversibility is in deciding an appropriate measure to represent uncertainty. In general, they can be divided into two broad categories, backward looking and forward looking. The backward-looking representations of uncertainty include most macro and firm-level financial indicators, while the forward-looking representations include risk premiums, share prices, sentiment indices and forecast information from surveys. Ferderer (1993) relates risk premium as measure of uncertainty by deriving a forward-looking uncertainty measure of risk premium on long-term bonds from the term structure of interest rates. He found that risk premium has a significant negative effect on aggregate investment, after controlling for the user cost of capital, which is consistent with the theory of investment irreversibility and uncertainty.
We are treating risk factors as a measure of uncertainty. The effects of inflation uncertainty and the relative price of capital are filtered through the user cost of capital which influences investment decisions. Domestic price and the movement of interest rates also have reflected some outcomes of the investors' perception of risks. Therefore, uncertainty in inflation may affect investment directly through the cost of capital or indirectly through domestic demand, which in turn affect the demand for capital.
Therefore, the full specification of the aggregate investment model can be written as:
Where ∆ is the change in log private investment at time t, ∆ is the change in log demand, ∆ is the change in log ratio of private investment deflator to GDP deflator or relative price of capital (proxy for the user cost of capital), is the change in log ratio of exports plus imports to nominal GDP (proxy for the openness of the economy), _ is the log real loans to GDP (proxy for financial development), is uncertainty in demand, is uncertainty in interest rate, is uncertainty in oil price, is uncertainty in the relative price of capital, is uncertainty in domestic prices, and is uncertainty in REER. The exogenous sources of uncertainty are REER and oil price, while GDP is endogenous to investment through the multiplier effect; and other endogenous sources of uncertainty are inflation, the relative price of capital or user cost of capital and interest rate.
Aggregate demand and user cost of capital may be endogenous to investment through the multiplier. Therefore OLS estimator for the behavioural parameters in the equation may be inconsistent. We adopt 2SLS approach and the GMM approach to address the endogeneity problems associated with the uncertainty variables. Other advantages of the GMM estimation are that (i) it does not require the normality assumption; (ii) it allows for unknown heteroskedasticity; (iii) it allows parameter estimation even if the model is analytically unsolvable based on first order conditions (Verbeek, 2004) , and (iv) the GMM estimator is more efficient than the instrumental variable (IV) estimator in the presence of heteroskedasticity and is no worse asymptotically than the IV estimator in the absence of heteroskedasticity in the estimation (Baum et al., 2003) . GMM is the preferred choice for modelling private investment behaviour to account for endogeneity and heteroskedasticity problems. In this study, we present the OLS and 2SLS results for comparison and robustness checking. Vol. 12, No. 9; This study uses the AR/ARMA models to test if the variances are homoskedastic. If variances are found to be heteroskedastic, GARCH/ARCH model will be used to generate the uncertainty variables. We use GARCH/ARCH statistical models to capture the dynamics of volatility. The merits of using the ARCH/GARCH model are highlighted by Byrne and Davis (2005b) as they argue that ARCH/GARCH offer more of the theoretical characteristic of uncertainty than an unconditional measure. The ARCH/GARCH assumes that uncertainty changes people's perception and consequently, their responses to uncertainty (Note 6).
The Estimation Strategy
Measuring Uncertainty
To generate the macroeconomic uncertainties, a 2-step approach is adopted: (i) estimate the best ARMA ( , ) or ARIMA ( , , ) model using the Box Jenkins (1976) method; and (ii) check the errors for the presence of ARCH effects using the Lagrange multiplier (LM) (Engle, 1982) . The ARCH LM statistic is computed from an auxiliary test regression to test the null hypothesis of no ARCH up to order. The lagged residuals in the ARCH test regression will be significant if ARCH effect is detected.
Estimating the Investment Model
This study adopts the GMM estimation approach which requires a selection of appropriate instruments. To test whether the instruments are independent of the unobservable errors, the model must be overly identified (moment of conditions > number of parameters estimates). The Sargan's test of overidentifying restrictions shows whether the specification of the model is consistent with the joint validity of all the moment conditions. The overidentifying restrictions is tested through the commonly employed -statistics of Hansen (1982) for GMM estimation to evaluate the suitability of the model. The -statistic is distributed as distribution with d.o.f. equal to the number of overidentifying restrictions. The rejection of the null hypothesis means that the instruments do not satisfy the orthogonality conditions, either because the instruments are (i) not truly exogenous; or (ii) they are incorrectly excluded from the regression (Baum et al., 2003) . In addition, the C-test or the Eichenbaum, Hansen and Singleton test examines whether a subset of instruments is orthogonal to the residuals for equations estimated by GMM. The C-test is calculated as the difference in -statistics between the original equation and a secondary equation estimated using a subset of the total instruments. Similar to the C-test, the Regressor Endogeneity Test examines whether the subset of the endogenous variables is exogenous. The endogeneity test is calculated by comparing the -statistics of the original estimate with the estimate which treats a set of endogenous variables as exogenous. The test is χ 2 distributed with d.o.f. equal to the number of regressors tested for endogeneity.
Data Source and the Data Generation Process
Data on gross capital stock in nominal and constant prices, private investment deflator, GDP deflator, REER, t-ot, and oil price index (average spot price of UK Brent, Dubai and Alaskan, of equal weights) are collected from International Financial Statistics. Real interest rates (base lending rate minus inflation rate) and credit to GDP (proxy for financial depth) are collected from the Central Bank of Malaysia, and consumer price index (CPI), consumption of gross capital stock (depreciation), private investment in constant prices, GDP and lagged GDP (proxy for accelerator effect), and openness of economy [(total trade)/GDP as proxy for trade openness] are collected from the DOSM. The data set ranges from 1971 to 2010. Table 1 summarising variables used, their proxies, predicted signs and data sources. Uncertainty variables such as the interest rate, user cost of capital and relative price of capital use annual data, and, are generated using ARMA models. The application of the ARCH/GARCH approach is prevalent in situations where uncertainty changes over time. This study models uncertainty using the AR/ARMA model and test if the variances from the AR/ARMA model are homoskedastic. If variances are found to be heteroskedastic, the ARCH/GARCH model will be used to generate the uncertainty variables (Note 7). Table 2 shows the results of the data generation process. Results show that ARCH/GARCH effect is found in CPI, t-o-t, REER, oil price and GDP. To find the best AR/ARMA fit for CPI shows, Box Jenkins method shows that ARIMA (7,1,6) yields the smallest Akaike Information Criterion, after eliminating the insignificant AR or MA terms. The ARCH LM test on the CPI data shows that it has ARCH effects. Another test such as a visual inspection of the correlogram of its square residuals also confirms the presence of ARCH effects (Note 8). (1,1) Note: If the ARCH effects cannot be detected from the time series data, the AR or ARMA will be used for the stationary series while the ARIMA will be used for the non-stationary series. However, if the macro series is found to be I(1), the best fitted ARIMA (p,d,q) model will be used instead of the AR or ARMA models. In order to generate the macroeconomic uncertainties, a 2-step approach is adopted to: (i) estimate the best ARMA(p,q) or ARIMA(p,d,q) model using the Box Jenkins (1976) method; and (ii) check the errors for the presence of ARCH effects using the Lagrange multiplier (LM) test (Engle, 1982) .
Findings
Prima Facie Evidence on the Impact of Uncertainty on Private Investment
The Pearson correlation coefficients are shown in Table 3 . There is a positive and significant relationship between the change in private investment (∆ ) and the change in GDP (+0.820) and lagged change in GDP (+0.361), suggesting the accelerator effect is closely related to aggregate private investment. Accelerator effects dictate that an increase in income accelerates capital accumulation. The negative correlations between loans to GDP ratio with the change in GDP and lagged GDP suggest that greater financial depth is negatively associated with output growth (Note 9). The negative relationship between the ratio of loans to GDP and interest rates (-0.394) shows that high interest rates is related to lower loans to GDP ratios. The significant negative relationship between the user cost of capital and the openness of the economy (-0.531) implies that the openness of the economy may be associated with an easy flow of funds, a greater access to external financing that can lower the cost of funds and the user cost of capital. The negative correlation coefficient of the user cost of capital and private investment of -0.269 is consistent with investment theory. The negative correlation between the user cost of capital and GDP (-0.289) is also consistent with expectations. Lower private investment is correlated with lower GDP as both tend to move in the same direction (+0.820). In a nutshell, correlation analysis appears to support the view that the uncertainties are negatively correlated with private investment. .0000 Note: ∆gdp is the change in GDP. ∆rp t is the change in the price of capital, ∆open t is the change in the degree of openness of the economy, r t is interest rate, ∆rl_gdp t is the change in the ratio of real loans to GDP and ∆uc t is the change in user cost of capital. ∆i t and ∆i t-1 are the change in private investment and lagged private investment respectively. *,**,*** represent statistical significance at 10%, 5% and 1%, respectively. Perron (1989) argued that the presence of a structural break caused by shocks will lead to the conventional ADF tests biased towards the non-rejection of the null hypothesis of unit root. While Perron (1989) shows that the failure to allow for an existing break leads to a bias that compromises the ability to reject a false unit root null hypothesis, the assumption of a known break date or an exogenously structural break is subject to numerous criticisms (See Christiano, 1992; Banerjee, Lumsdaine and Stock, 1992) . To address this issue, this study carries out Vogelsang and Perron (VP, 1998) and the Zivot and Andrews (ZA, 1992) , who treat the occurrence of the break date as unknown, in addition to the conventional Augmented Dickey-Fuller (ADF) tests Fuller, 1979 and 1981) and Phillips-Perron (1988) . ZA and VP tests found that the relative price of capital and the user cost of capital were trend stationary with a break in 1986 and 1988, respectively. However, both tests are unable to detect any breaks for the oil price, REER, interest rate, t-o-t and GDP (See Table 4 ). Fuller, 1979 and 1981) , Phillips-Perron (1988) , Vogelsang and Perron (1998) and Zivot and Andrews (1992) trendbreak stationarity tests, respectively. The monthly time series of the CPI, t-o-t, REER and the oil price are used in the data generating process for uncertainty. The monthly series are used (if and when available) as a larger number of observations could: (i) circumvent the loss in degrees of freedom and; (ii) optimise the use of information contained in the monthly data. All variables except for interest rate (r) are tested in logarithm form. The year which a break in trend occurs will be specified; otherwise it will be left blank.
Unit Root Tests
The Estimation Models
A comparison of the results of all the estimation models of OLS, 2SLS and the GMM estimates (both Iterative weights and 2 steps iterations) (Table 5 ). Compared OLS, 2SLS, GMM (iterative weights) and GMM (2-Step iteration) results in columns 1,2,3, and 5, respectively, the iterative weights GMM model in column 3 is the preferred model. All the signs of all the coefficients are consistent with theory and they are able to significantly explain the change in private investment. 1821 Note: *,**,*** represent statistical significance at 10%, 5% and 1%, respectively. GMM # denotes this investment model is estimated with user cost of capital (for robustness checking). ∆ is the change in log private investment at time t, ∆ is the change in log demand, ∆ is the change in log ratio of private investment deflator to GDP deflator or relative price of capital (proxy for the user cost of capital), uc is user cost of capital, ∆ is the change in log ratio of exports plus imports to nominal GDP (proxy for the openness of the economy), _ is the log real loans to GDP (proxy for financial development), is uncertainty in demand, is uncertainty in interest rate, is uncertainty in oil price, is uncertainty in the relative price of capital, is uncertainty in domestic prices, and is uncertainty in real effective exchange rate. SSR denotes sum square residuals.
The estimated coefficients of the GMM model are consistent with economic theory. However, the changes in the size of coefficients are more apparent compared to the changes seen in the OLS and IV estimates. The income accelerator effects represented by ∆gdp and ∆gdp t-1 have a positive effect on the change in private investment. The change in lagged GDP is estimated to increase private investment by 2.799 percentage points while the change in current GDP has a positive but insignificant impact. The accelerator coefficient appears to be larger than Guimaraes and Unteroberdoerster (2006) and Ang (2010) 's estimation of +0.52 to +1.5 percent for the change in GDP on private investment in Malaysia. The size of the estimated coefficient for lagged GDP and GDP in other studies (e.g., Servén, 1998; Jongwanich and Kohpaiboon, 2008; Solimano, 1992) exceeds unity, suggests that demand tends to be a significant determinant of private investment for most countries.
The sign of the estimated relative price of capital is negative, implying that the real rental cost of capital has a significant long-run negative effect on the change in investment. The size of the coefficient indicates that the relative price of capital has a more modest impact on private investment compared with output. Results show that an increase of 1 percentage point in the relative price of capital is expected to decrease private investment by 0.907 percentage point. This result is in line with Roache (2006) , Eisner and Nadiri (1968), and Chirinko (1993) who found the elasticity of capital with respect to prices to be below unity. The size of the coefficient supports the notion that output effects tend to be stronger than price effects.
The significant positive estimated coefficient of real loans to GDP ratio of 0.073 suggests that the depth of the financial system has a positive impact on private investment. While the sign of the estimated coefficient is also consistent with some empirical studies (e.g., Ghura and Goodwin, 2000; Servén, 1998; TunWai and Wong, 1982) , the size of the coefficient in this study is relatively smaller. This small coefficient suggests that the financial system plays an important role but its importance may be tempered by the development of the capital markets and the availability of cross-border financing. TunWai and Wong (1982) estimated the impact of domestic credit on investments to be +1.18 for Malaysia, stronger than the estimated coefficient in this study. The discrepancy in the size of the estimate could be due to the growing importance of non-bank-based capital financing in Malaysia over the years.
The coefficient of the uncertainty in interest rates, as an indication of the availability of financing, is negative and significant in all the models except the 2SLS model. Interest rates uncertainty reduces private investment by 0.057 percentage points. The size of the estimated coefficient of interest rate uncertainty suggests that the uncertainties emanating from external sources, such as REER uncertainty, may not be fully transmitted through the financing channels. The importance of financial sector development is shown by Aysan et al. (2009) where their structural reform index (which includes financial sector development and the trade openness of a country) has a positive relationship with investments that offset some of the negative impact of economic volatility.
The openness of the economy is positively related to the change in private investment, with a one percentage point change in the degree of openness resulting in a 1.62 percentage point increase in private investment. The openness of the economy promotes competition and enhances the transference of technology through investment. While an open economy benefits from the cross-border exchanges of knowledge and technology, the openness also exposes the economy to external shocks. The negative coefficient (-0.220) of the interaction term of REER and the openness ( * ∆ ) underscores the vulnerability effect. However, the transmission of the negative effects of REER is mitigated by the depth of the financial sector and the positive benefits derived from the cross-border trade. Our study is consistent with Servén's (2003) where the negative relationship of REER and investments tend to be accentuated by the low financial depth of a country as a poorly developed financial system makes it difficult for investors to diversify risks (Note 10). The impact of oil price uncertainty is significant in the GMM estimates of the model which includes the relative price of capital into the model specification but insignificant for the OLS and 2SLS model estimates.
The 2SLS model also performs worse than the GMM model as it produces only three coefficients which are significant compared to the GMM model which shows more significant coefficients. Between the two GMM methods, the iterative weights GMM appears to perform better for the equation which uses the relative price of capital as the explanatory variable for private investment.
Robustness Tests and Diagnostic Checking
For robustness tests, we re-estimate the GMM models (both iterative weights and 2-step iteration) with user cost of capital in its speciation, and results are depicted in Table 5 [column (4) and (6)], respectively. The sign of the coefficient for user cost of capital is insignificant for both GMM estimation methods, despite the 2-step GMM model producing a smaller for the investment equation. GMM model has passed a battery of tests. First, the -statistics cannot reject the null hypothesis of over identifying restrictions for all estimation approaches. The model is valid and the data meet the requirements of the restrictions. Second, C-test shows that the subset of instruments is exogenous and orthogonal to the error term. Hence, the chosen instrument is valid in the GMM estimation. Third, endogeneity might be an issue in the model as aggregate demand are endogenous to investment through the multiplier effect and the user cost of capital may also be endogenous in the investment equation. We have accounted for endogeneity problem proposed by Wooldridge (2006) . The regressors should not be treated as exogenous variables as the null hypothesis in the Regressor Endogeneity Test cannot be rejected. Therefore, appropriate instruments should be used to represent them (C-test and Regressor Endogeneity Test results are not Tabled here, but is available upon request). We have also examined the correlation between the uncertainty variables are less than 0.5, with the exception of uncertainty in user cost of capital and cpi, this suggests low multicollinearity amongst the variables.
Assessing the Impact of Uncertainty
The impact of uncertainties on private investment is depicted in Table 6 . In assessing the estimated impact of uncertainties on private investment, the negative of the uncertainty in demand appears to have a significant impact. At the mean values, uncertainty in demand (-0.014) and its lag (-0.011) have cumulative effect of -0.025. This suggests that a 10 percentage increase in demand uncertainty will reduce private investment by 0.250 percentage points. The sign of the coefficients for uncertainty in demand is consistent but the size of the estimated coefficient is different from other studies such as Hakim (2008) and Ang (2010) who estimated demand uncertainty to be -0.003 and -0.10 respectively for Malaysia. Aysan et al. (2009) and Driver and Moreton (1991) also found that the estimated coefficient for demand uncertainty to be relatively small, -0.02 and -0.08 respectively. Note: ^CV = conditional variance and UV = unconditional variance.
# impact assessed at the mean value of ∆open. *,**, *** denote significance at 10%, 5% , and 1%, respectively.
The overall impact of internal shocks appears to be larger than the impact of external shocks. However, it is difficult to isolate the impact of a single shock as it is usually related to other forms of shocks and they may feedback into one another. The impact of oil price uncertainty (-0.026) may be relatively small as it may already have manifested itself in demand and terms-of-trade uncertainties. Meanwhile, the impact of oil price uncertainty appears to be stronger than the impact of interest rate uncertainty during 1981-1984, when there was a sharp decline in the oil price and in 1993-1995 when the Malaysian economy was experiencing very robust growth, averaging 9.7% during this period. The impact of oil price uncertainty on private investments appears to be significant during [1985] [1986] (following a sharp fall in oil prices, and the collapse in commodity prices) and during 1993-1997 (following the global recession in [1991] [1992] [1993] and this results in a severe loss of income for Malaysia. However, the impact of oil price uncertainty and demand uncertainty on private investment appear to be equally strong post-AFC. Uncertainty in interest rates (an internal shock), evaluated at mean, significantly reduce private investment by 0.030 percentage points. A one standard deviation increase in uncertainty in interest rates will reduce private investment by 0.036 percentage points. This result is marginally close to the one standard deviation impact estimated by Byrne and Davis's (2005a) study that show estimated values within -0.021 to -0.035. The interaction term of the relative price of capital and domestic prices has a significant negative impact on private investment. The Pearson correlation coefficient between uncertainty in the relative price of capital and uncertainty in domestic prices is negative (-0.055). Therefore, it appears that uncertainty in the price of capital does not worsen the uncertainty in domestic prices as they move in different directions. The offsetting forces of both uncertainties explain a relatively modest overall effect on private investment.
The impact of REER uncertainty on investment was more pronounced during the periods 1987-1991, 1993-1995 and 1997-1999 . The first two periods coincided with the liberalisation of some of Malaysia's exchange control measures in 1987 and 1994-96. An increase in the openness of the economy coincides with the higher REER uncertainty, suggesting that the transmission of REER uncertainty into investment activities is stronger with the increasing degree of the openness of the economy and, this is particularly evident during the AFC period.
A comparison of the overall impact of internal and external uncertainties shows that the impact of external uncertainties on private investment is smaller compared to the impact of internal uncertainties. The results suggest that despite being vulnerable to external risks, the benefits of being an open economy outweigh the risks.
Conclusion
This study examines the effect of uncertainty on private investment for Malaysia using the ARCH/GARCH approach and GMM estimation for a period from 1971-2010. This study provides empirical evidence that private investments do not only respond to the conventional determinants of investment such as the relative price of capital and demand, but also to macroeconomic uncertainties. With the incorporation of macro uncertainty variables, we could explain why investments remained modest and were less responsive to the improvements in the investment climate, especially after the AFC. Firms delay investments during periods of uncertainty as they remain cautious and uncertain about the prospects of demand and prices. Therefore, this study provides evidence to support the argument that macroeconomic uncertainties influence the firms' forward-looking investment decision making process.
The demand and lagged demand uncertainties have a relatively stronger effect on investments compared with other mas.ccsenet.org Modern Applied Science Vol. 12, No. 9; macro uncertainties, suggest that demand tends to be a significant determinant of private investment in Malaysia. The structure of the economy, the depth of the financial system, and the promotion of trade openness abates the negative impact of uncertainty on investment. A greater financial sector depth allows risk diversification while the openness of an economy promotes competition.
The benefits of being an open economy outweigh the costs of being exposed to the REER uncertainty up to a point when the REER uncertainty becomes larger than two standard deviations. This suggests that as long as the REER uncertainty is low, it is still beneficial for the government to promote trade openness, which can encourage greater efficiency through competition and cross-border exchange of knowledge, skills and technology. Furthermore, the degree of the impact of exchange rate uncertainty would depend on the substitutability of capital and the import content of private investments. Malaysia is highly dependent on imported intermediate inputs. Therefore, the reduction of Malaysia's dependency of imported capital and intermediate inputs is encouraged.
Study also shows the elasticity of the user cost of capital to be less than unity, suggesting that there is limited scope for the government to encourage investment through tax incentives, nonetheless counter-cyclical fiscal policy may be crucial during periods of economic stress as it helps in alleviating pessimistic expectations. The size of the coefficient supports the notion that output effects tend to be stronger than price effects.
There is limitation of the study. This study assumes that the different financing cost would have already been reflected in the firm's interest expense item. To reflect the true financing cost for a firm, future research can focus on a more reliable assessment of the impact of the user cost of capital using micro panel data analysis whereby biasness resulting from aggregation over firms or individuals may be reduced or eliminated (Baltagi, 2008) .
The results of the study suggest that the government's policies directed at encouraging investments need to be more broad-based. While the role of fiscal policy remains an integral part of macro management, attention should also be given to managing risks perception and uncertainties. Policies which emphasise on achieving stability and sustainability in economy are equally important in helping the private sector make efficient and profitable investment decisions.
causation. On the other hand, the negative correlation may suggest a smaller role of domestic financial institutions as there are increasing opportunities for firms to diversify their financing risks in the capital markets and engage in cross-border financing.
Note 10. However, Servén's (2003) found the impact of RER uncertainty to be significant for countries with low trade openness. Results appear to have contradicted the expectations that countries with higher degree of openness are more susceptible to RER uncertainty. Servén argued that countries with a higher degree of openness tend to have greater financial depth and therefore are less vulnerable to RER uncertainty. In general, most studies such as Byrne and Davis (2005a) and Darby et al. (1999) show that exchange rate volatility has a negative and significant impact on private investments. Byrne and Davis (2005a) estimated a 10% increase in the level of exchange rate volatility relative to the average leads to a fall in investment of 1.0-1.5% for G7 countries. However, Darby et al. (1999) argued that misalignments of exchange rate are just as important, where a 1% increase in misalignment results in a fall of 0.9% to 2.3% in investments of five OECD countries.
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